In order to design treatment wetlands with maximal nitrogen removal and minimal nitrous oxide (N 2 O) emission, the effect of influent C/N ratios on nitrogen removal and These results obtained in this study would be utilized to determine how N 2 O fluxes respond to variations in C/N ratios and to improve the sustainability of CWs for 2 wastewater treatment.
Nitrogen in CWs are removed from wastewater mainly by classical nitrogen removal processes, known as nitrification-denitrification carried out by nitrifying and heterotrophic denitrifying bacteria (Saeed and Sun, 2012) . Consequently, either nitrification or denitrification process suffocation can cause low total nitrogen (TN) removal efficiency. Moreover, numerous studies have demonstrated that the TN removal performance in CWs can be influenced by various designing parameters (e.g., plants and substrates); environmental parameters (e.g., temperature, pH and dissolved oxygen, etc.) and operational factors (e.g., influent C/N ratio, hydraulic loading rates, hydraulic retention time, etc.) ( Recently, a plenty of investigations of CWs were carried out to study the impact of C/N ratios on nitrogen removal and greenhouse gas emission in wastewater treatments. Zhao et al. (2010) resulted that the highest TN removal efficiency was obtained at C/N ratio of 2.5-5. In addition, Zhu et al. (2014) found that the removal efficiency of TN was greatest at a C/N ratio of 5, and the removal efficiency rose with an increase of C/N ratio. However, another study by Fan et al. (2013) indicated that high removal rate of TN (90%) was obtained in aerated SSF CWs with influent C/N ratio of 10. The impacts of influent C/N ratios on greenhouse gas emission in CWs were also carried out in some other studies. The results by Yan et al. (2012) indicated that low and middle C/N ratios were most beneficial for reducing greenhouse gas emissions. As mentioned, various N removal performances were observed at different optimal influent C/N ratios in different type of CWs for various wastewaters. Actually, the higher TN removal efficiencies are always coupled to higher N/C, but the degradation of excess organic matter would consume the more dissolved oxygen in CWs, which would restrain the activity of nitrifying microorganisms (Zhu et al., 2014) .
Nevertheless, the optimum C/N ratio of SF CWs for maximal nitrogen removal capability and minimal N 2 O emission still remains unclear especially for purifying the sewage treatment plant effluent. Therefore, more detailed investigation on the effect of incremental-increasing C/N ratios is necessary for a better understanding the influence of C/N ratio on these systems, especially on the simultaneous removal of nitrogen and reduction of N 2 O.
The objectives of this study were (1) to evaluate the effect of influent C/N ratio on the 
Material and Methods

Description of CW systems and operation
In this experiment, SF CWs were designed and set up with identical dimensions in Baihua Park in Jinan, northern China (36°40 36 N, 117°03 42 E) with the warm-temperature monsoonal climate. Figure S1 shows the profile of the experimental CW systems, and each CW system was made of the perspex tube with a diameter of 40 cm and depth of 50 cm. All system were filled with washed river sand (particle size: approximate 2 mm, porosity: 0.38) as the substrate with a depth of 25 cm, and were planted with the common wetland plant (Phragmites australis) at a density of twelve rhizomes per system. The influent wastewater was supplied manually from the upside of the system, and effluent was collected by an outlet installed at the bottom of the CW. Each system held a total volume of 20 L water when filled, and the water depth was maintained at 10 cm from the substrate surface of the CW system. After setting up the CW and planting the wetland plants, the synthetic sewage treatment plant effluent was fed in CW systems to allow the growth and development of plants and microbes in experimental systems, and then the experiment started.
After an acclimation period of one month, the systems were fed with synthetic wastewater to start the experiment, and all experimental CW systems operated for a period of four months. In order to minimize variability, synthetic wastewater was used in the experiment based on the water quality of the effluent of traditional sewage Table 1 .
Sequencing fills-and-draw batch mode was used in the operating period, and the 
Gas collection and measurement
Gas sampling was done at intervals ( 
Statistical analysis
All experimental data were expressed as means of triplicates with standard deviation.
Software SPSS 21.0 (SPSS Inc., Chicago, USA) was used for all statistical analyses, including analysis of variance (ANOVA), Bartlett's and Levine's test for homogeneity of variance and normality, and Duncan's multiple range test for differences between means. In all analyses, differences and correlations were considered statistically significant when P < 0.05.
Results and Discussion
Overall treatment performance and N 2 O emission
Removal performance
The difference in removal performance of SF CWs under different influent C/N ratios could be revealed from the varied effluent quality with the identified influent characteristics. Table 2 
N 2 O emission
The C/N ratio of the influent caused the significant difference in N 2 O emission, and as shown in Figure 1a (2007) also demonstrated that a higher influent strength did not show a significant inhibition on heterotrophic activity in mesocosm CWs.
Dynamic transformations of nitrogen and N 2 O fluxes
In CW treatments, the complete nitrogen removal should be firstly dependent on complete nitrification, and then the nitrified nitrogen would be permanently removed pathway when the C/N ratio was less than or equal to six, however, when the C/N ratio was greater than six, anammox was notably enhanced (Zhi and Ji, 2014).
Conclusions
In this study, the effect of influent C/N ratios on nitrogen removal and N 2 Research Highlights 1) Effect of influent C/N ratios on nitrogen removal and N 2 O emission was studied.
2) Higher removal of NH 4 + -N (98%) and TN (90%) was achieved at C/N ratio of 12.
3) Low N 2 O emission accounting for 1.44 % of TN removal was found at C/N ratio of 12.
4) Results would be useful for improving the sustainability of CW treatments.
